conditions that best facilitate student success as well as the use of SoTL strategies to advance the efforts of scientist-educators. He has over 300 professional presentations at conferences and published over 25 books/book chapters, and has published over 75 professional articles in scholarly, peer-reviewed journals. He has worked with over 300 undergraduate research assistants and taught over 13,000 students in 23 years at Boise State.
Connecting with Other Disciplines Builds Students Own Skills and Professional Identity Background
The Summer Research Community (SRC) at Boise State University brings STEM (science, technology, engineering, and mathematics) students together with faculty and other students from social sciences and humanities to form an interdisciplinary summer experience. The SRC was founded with impetus from a National Science Foundation grant to create efficiencies among NSF and other STEM education initiatives and to address critical junctures for undergraduate STEM students and faculty.
The SRC leadership team chose to focus on building community and facilitating growth in research skills and professional identity amongst participants in undergraduate research programs. Previous researchers have shown that engaging undergraduate students in research is associated with increases in retention. 1, 2, 3 There is also evidence indicating that participation in research activities improves students' content knowledge of STEM disciplines and facilitates small-group learning, which effectively improves academic performance, attitudes toward the subject, and persistence. 4, 5 Further, well-implemented undergraduate research programs allow students to develop mentoring relationships with faculty members that have been linked to academic success. 5 Participation in undergraduate research has also been linked to increases in graduate school attainment and in students' interest in science and engineering careers. 1, 6, 7, 8, 9 In contrast to the above findings, there is little information on the relationship between participation in summer (or other semester-long) research experiences for undergraduates and growth in STEM-specific professional identity. Hunter et al. 10 conducted a seminal study that focused on the development of professional identity, among other factors, experienced by rising seniors due to participation in a "Research Experience for Undergraduates" (REU) in a STEM field. In addition to the aforementioned benefits attributed to participation in undergraduate research, they found that students experienced shifts in attitudes toward "learning and working as a researcher," in that they reported that they assumed greater responsibility for their research, displayed increased independence and willingness to propose future experiments, and displayed increased acceptance of the realities of authentic research (e.g., frustrations, failures, etc.). Students demonstrated perceived inclusion in a broader STEM community, as demonstrated by gains in their confidence to contribute to science, acknowledging the significance of building a professional network with mentors and peers, and a "shift in their identity and sense of belonging." The authors contend that the participants' increase in identity as a scientist could be attributed to two key attributes. The first was related to an increased understanding and confidence in the nature of research. Specifically, participants critically evaluated their aptitude and intellectual wherewithal to conduct independent research. A second key factor was the consequence of attending or presenting at professional conferences, which provided a glimpse into their future careers as a STEM professional, and whether or not this was a desirable proposition. Thus, significant engagement in an undergraduate research experience, as afforded by summer research communities, provides opportunities for participants to translate their individualized experiences to an internalized identity as a STEM professional.
A second study focused on first-and second-year college students who participated in a 10 week residential REU program that took place in a chemistry department. 11 The REU was found to promote growth in professional identity through the interactions with mentors and advisors, the responsibilities associated with conducting the research project, and the engagement in professional behaviors. The REU was found to increase the participants' self-reliance and selfconfidence, which are directly related to professional identity development. The students gained expert-level knowledge that they were eager to share with the greater community, which is indicative of changes in their perceptions of themselves as science professionals and internalization of identity. 12 The participants believed they were part of the research community they were working within, which is arguably an indicator of membership of community and an expression of professional identity. The engagement in the REU was also found to impact the students on an emotional level, as the students shared feelings connected to their experience, which is notable given the coupling of emotions and professional competencies. 13 It was postulated that the perceptions of high stakes by the students promoted a high level of cognitive and affective commitment to their experience, which was linked to the expectation of their performance and competency in the laboratory. Lastly, it was found that students transitioned from a performance goal orientation to more of a mastery approach towards problem solving through their involvement in the REU, which indicated that the students were self-identifying as science professionals.
Based on our analysis of the literature, we suggest that most research related to typical undergraduate research experiences are either discipline specific, or focus on select subdisciplines (i.e., only the physical sciences, or only the life sciences, etc.). Rarely is there collaboration between students and faculty conducting research in the humanities, engineering, mathematics, the sciences, and the social sciences. Although the financial and organizational benefits that arise from this type of collaboration are clear, the impact upon student development is unknown. It has been postulated that the most successful learning and research opportunities are the result of significant multidisciplinary integration. For example, the National Research Council in "A New Biology for the 21 st Century" stated that solving many of today's most critical problems will require the "integration into biology of physicists, chemists, computer scientists, engineers, and mathematicians." 14 Others have stated that in order for the United States to maintain our intellectual advantage, there must be a "convergence" of STEM disciplines to offer a "blueprint for innovation." 15 To prepare for this, students must become "well versed enough in varied disciplines and technologies to facilitate dialogue…and participate in integrated research." 14 Potential employers also value interdisciplinary training. In a 2013 survey conducted for the Association of American Colleges and Universities, employers agree that "expecting students to develop the skills to conduct research collaboratively with their peers" will help prepare graduates for success in the workplace and these skills are "more important than their undergraduate major." 16 Thus, exposing students to interdisciplinary research and collaboration early will help them prepare for future success as STEM professionals. As a result, we present our findings related to student growth as a result of participation in an interdisciplinary summer research community.
The opportunity to study the effects of research experiences in the context of interdisciplinarity arose in 2011 when our team decided to create efficiency among summer programs. That summer the university was hosting multiple NSF REU sites, several other NSF summer initiatives such as the Louis Stokes Alliance for Minority Participation (LSAMP) undergraduate research experience program, and research cohorts sponsored by agencies such as Department of Education (McNair Scholars) and National Institutes of Health. Participants included students from dozens of states and educational institutions, a few international students, and students from our home state and university. Most of these programs included an emphasis on underrepresented and first generation students. With a multiplicity of programs from various disciplines, the SRC leadership team recognized a unique opportunity to enrich students' summer experiences, without increasing the workload on each of the faculty mentors. We designed a summer program with two overarching goals: 1) Build interdisciplinary connections among students and programs, and 2) increase students' professional identity, knowledge, and skills related to research. As the program developed between 2011 and 2015, we fine-tuned the program and goals based on feedback, research, and evaluation.
Structure
Over the past six years, the 9-10 week Summer Research Community has brought together students across programs and included the following types of activities:
• Co-housing. Out-of-area students across REUs and other research programs were intermingled most years and lived together in student on-campus apartments.
• Orientation and training. One-time activities such as campus tours, city orientation, lab safety training, library methods, and research compliance introduction.
• Weekly research seminars. These were held at a regularly scheduled time such as Thursdays from 9:00-10:30 a.m. so that everyone could plan to fit them into their summer schedules. Seminars have included research ethics, research topics across STEM and non-STEM disciplines, collaboration, applying to graduate school, research-related careers, and much more.
• Networking events. Each summer included one or two major evening events at an off campus location such as a science center or museum, cultural center, or Shakespeare play. The program always involved the broader campus research community and included a buffet dinner, an intentional networking activity, and an educational activity/presentation.
• Social connection events. These usually included a kick-off picnic, rafting, attending events with high school scholars at campus programs, and other activities that arose spontaneously such as hiking or visiting a nature center.
• Presenting research. A strong emphasis on communicating about the students' research evolved and included several weekly seminars on communicating to various audiences, from children and the general public to peer researchers. A poster session began 2011 and developed into a full-fledged, two-day state-wide research conference in 2014.
Formative Results -Qualitative Research
In 2013, one of our researchers investigated interdisciplinarity and student success by studying how student interactions across disciplines during the summer REU groups in 2011 and 2012 impacted their acquisition of the resources they need to succeed. In general and within the context of higher education, these resources consist of human capital, social capital, and cultural capital, or, respectively: training, social connections, and the ability to function according to the standards set up in a specific social milieu. 17 This study included 14 interviews of students who had participated in two NSF-supported REU programs (one in chemistry and one in mathematics) spanning two different summers. The interviews were done in 2013, so it was one to two years after the actual REU participation. This represents approximately half of the participants from those REUs and was split almost evenly between the two disciplines. The research instrument was developed after interviewing the professors in charge of the REUs and the student assistant heavily involved in administering summer non-lab times. As authoritative and "well informed" observers, these preparation interviews provided information about what REU students did outside of their labs, potential key issues students may have engaged each other with, and places for potential interaction.
There is an overriding tension in investigating the interdisciplinary creation of student resources for success between the preeminent importance of disciplinary resources and the great potential for innovation in the interdisciplinary arena. The highest potential lies in identifying interdisciplinary and disciplinary resources that complement each other, leading to an overall enhancement of student resources. The most salient example of this involved training students to explain their own work to people in other disciplines. This clearly enhanced the human and cultural capital of all people involved. The presenters in particular had great potential to learn more about their own work and discipline, and it provided them enhanced professionalization as they acquired greater skills to explain their work in meaningful ways to a broad audience. This importantly includes their primary audience of people within their own discipline, the kind of people who will eventually be accepting them into graduate school, hiring them, funding their grants and publications, and approving them for tenure and promotion.
Regarding the overall impact on student resources for success, the REU programs themselves generated some of the best kinds of social capital. While much of this came from withindisciplinary interactions, there is much to indicate that this bias resulted from the overall disciplinary focus of the REUs (and academia in general). The level of interdisciplinary-created social capital is directly and perhaps even proportionately related to the amount of interdisciplinary interactions during the REU. Importantly, this level was much lower than most students wanted.
Student interdisciplinary acquisition of human capital was highly limited in the content of the other field. But students did acquire new appreciation of the other field (i.e., chemistry students appreciating mathematics, and vice versa), its methods, and its issues. Such appreciation was enhanced by the social capital of interdisciplinary camaraderie. The greatest use of interdisciplinarity, again, was by enhancing a student's own knowledge by speaking across disciplines. The REUs also laid considerable groundwork for potential future interdisciplinary activities, a highly valuable resource for pursing scientific innovations.
Cultural capital was interdisciplinarily enhanced, again, through the increased professionalization of improved presentations of self and research. Cross-disciplinary interactions with professors also enhanced the disciplinary demystifying of the student-professor relationship.
Other than these interactions with the faculty, the housing communities proved the preeminent means for interdisciplinary interactions to increase student resources. Living together enabled a high level of intimate interactions and easy friendships. Students worked together to find food and entertainment. Lasting memories emerged out of these experiences. There was also a sense of community that was gained through intensely challenging oneself and feeling liberated to use new forms of creative problem solving. Both the large social events and the conferences that bookended the REUs helped bring about potentials for the interdisciplinary creation of resources.
But it was clear that these could only succeed to the extent that they were integrated into the daily living situations of the students.
The formal and informal cross-disciplinary interactions only amounted to about fifteen percent of students' time, either briefly in the residential communities or through intensive bursts during major events. Most of the cross-disciplinary interactions were informal. Only one research project was explicitly interdisciplinary and only involved two students. The remainder of the students did not formally work together. Given the intensity of the program, most student interaction in the dorms tended to be within disciplines. Residence life, though, made students highly aware of the rough similarity of experiences between disciplines. This created an informal camaraderie that inspired students to take greater interests in all of the work in the other discipline, as most readily through students going to all presentations at the conferences. The major events really evinced interdisciplinary interactions. These were mostly informal, enhancing social capital above all. The cross-disciplinary presentations of research were the only true format for cross-pollination, and these most immediately impacted students' knowledge about their own discipline; however, this opportunity also provided students with experience necessary for the highly burdensome background work necessary for interdisciplinary research.
The themes discovered in the qualitative study were used to expound on the goals, and then tailor activities to enhance the students' experiences and professional development opportunities. For example, the study showed that the ability to speak across disciplines was gained during the training sessions, which enabled students to present their findings to wider audiences and, therein, increase their overall embodied social capital as scientists. Therefore, the students were provided with more opportunities to present their research to a wide variety of audiences, from the Boys and Girls Club to professionals in their disciplines.
The expanded goal set became the following:
1) To foster connections and interdisciplinarity, the Summer Research Community will provide: a) Opportunities for students to get to know students and faculty from other fields. b) Opportunities for students to get to know students from other institutions. c) Experiences where students feel they are part of a community of scholars. d) Connections to other students and faculty that will continue after the summer. e) Activities students consider enjoyable.
2) To foster knowledge and skills, the Summer Research Community will provide situations that enable students to:
a) Learn about research methods and topics applicable across many disciplines. b) Gain increased knowledge or understanding of other fields besides their own. c) Gain increased appreciation or interest in other fields besides their own. d) Gain ability to explain their research to people outside their discipline. e) Gain ability to explain their research to people within their discipline. f) Identify as a researcher in their field or discipline.
Quantitative Research and Results
The researchers used the above goals to fine tune the SRC programming. To study if the programming changes were achieving these goals, the researchers then constructed a survey to be administered to the participating students at the end of the summer. The same survey has now been used for two years. It is being used as a tool of formative assessment to continue to improve the program, as well as to start to measure the impact of this kind of research community initiative.
The 12 evaluative questions that emerged from the qualitative research discussed above appear in Table 1 . Additional questions about the value of different activities that occurred during the 10-week experience were also asked as part of the post-SRC survey.
After completing the 10-week SRC program, 40 survey responses (out of 103 participants; response rate = 38.8%) were received in 2014, and 45 survey responses (out of 151 participants; response rate = 29.8%) were received in 2015. For the distribution of participants by program in 2014 and 2015, see Table 3 .
Following the completion of the SRC program, participants were emailed and invited to complete an online evaluation administered via Qualtrics. Participants were asked to reply within three weeks of the invitation. Weekly reminders were sent to anyone who had not yet completed the survey at that time. After launching the survey, participants had unlimited time (within those three weeks) to complete the survey; their responses were recorded anonymously.
Independent-means t tests were used to measure if there were significant changes in the scores reported from the 2014 SRC cohort to the 2015 SRC cohort. This data is summarized in Table 1 below. Two significant differences emerged. There was a Since participants in the SRC come from a variety of backgrounds and programs, the researchers were interested in how those differences might impact these results. As mentioned earlier, the REUs have many opportunities built in that are aimed at similar goals of the SRC. Indeed, across the board, the students who were participants in formal REUs funded by NSF or NIH rated higher levels of agreement with all of the questions on the survey (see Table 2 ).
The participants were also asked to comment on one particular event in the SRC that they found most enjoyable and one which they found most valuable. Perhaps not surprising, the most enjoyable events across both summers were the organized social events; 25% of respondents indicated they enjoyed the plays at the Shakespeare Festival. The welcome picnic was mentioned by 14% of respondents, and the whitewater rafting trip was rated as highly enjoyable by 12%. These questions included for an open-ended response field where the students could describe what led to their choice. The participants mentioned that while these were enjoyable in general, they also appreciated the networking aspects of all of the SRC events giving them the opportunity to meet the participants from the other programs in an informal setting. The following student comment is representative of the way students connected at a snack break before each of the weekly seminars.
"I think the period before the talks were the most enjoyable. I was able to meet with and talk with other researchers in my program as well as others I had just met."
The most valuable events were those around presenting their research to others -both learning how to create research posters and how to communicate their work to a general public, as well as the opportunities they were given to actually do each of these; 38% of survey respondents found the research poster instructional sessions to be the most useful; 27% stated the research conference was particularly valuable. The main difference here between the NSF/NIH REU participants and the others was the value that the non NSF/NIH participants found in learning about the different perspectives from different fields and learning about ethics issues in research.
Of the responders who mentioned these two categories of usefulness, non NSF/NIH participants accounted for 60% of the former and 75% of the latter. One explanation for this result is that this summer program gave students from humanities and arts an opportunity to learn about technical Notes. Items 1-7 began with the stem "Because of my Summer Research Community experience…" and were answered on a scale of 1 = strongly disagree to 5 = strongly agree. Items 8-9 began with the stem "During my Summer Research Community experience…" and were answered on a scale of 1 = strongly disagree to 5 = strongly agree. Items 10-12 were answered using a continuous scale from 0 to 100 indicating one's level of agreement with each statement.
research in a very accessible way and in a forum with the very intent of interdisciplinarity. Moreover, ethics training is a requirement of NSF and NIH funded programs but is often omitted from informal undergraduate research programs, so including it in the SRC agenda helped to bring this important topic to all of the researchers.
As expected, there will be fluctuations in the evaluation of the SRC program from year to year. The benefit of the annual survey approach is that if there are dramatic fluctuations (either improvements or decrements), faculty and staff members will be aware of changes over time and may then probe further to investigate potential drivers in the changes in students' evaluative ratings. 
Limitations
As this study focused on student perceptions of professional identity, interdisciplinary connections, and skill development, all the data collected was from the students' perspectives, via intensive interviews or post-program surveys. An extension of this study this coming summer will be to design a survey or interview protocol to collect faculty perceptions of student gains related to the goals and compare the results with the students' self-reported data. Anecdotally, faculty and staff involved in the summer programs have observed that many SRC students who present at the statewide summer research conference demonstrate presentation skills that set them apart from presenters who were not part of the SRC, with its rigorous focus on science communication at all levels. (The SRC students are a subset of the presenters at the summer state-wide conference.) Faculty mentors could also evaluate students' gains longer term. We have indicators that this would be a fruitful study of student development because there are groups of faculty and students who have continued to stay in touch with each other and present at conferences as follow-on to their summer research.
Discussion and Conclusion
The introduction of this paper discussed the need for future STEM professionals to participate in interdisciplinary communities. This is often discussed in terms of the need for future STEM researchers to understand other disciplines and to be able to communicate their results to the public. Drawing on results of this study, we conclude that an interdisciplinary summer research community provides a genuine environment where students in a variety of different fields gain exposure to and interact with people from myriad disciplines. Personal gains from these experiences will benefit students whether they go on to graduate school or enter the workforce. Although it is a goal of our and many student research programs to guide students toward graduate school, national data shows that most students who earn undergraduate degrees will enter the non-academic workforce upon graduation. "Professional skills for the engineering workplace include teamwork, communication, coordination, data analysis and problem solving," according to a literature review by Villachica et al. 18 Indeed, these skills are similar to professional skills desired by employers in all fields, not just the STEM disciplines. 19 There are many reports that indicate that research experiences promote the development of problem solving, analysis, and critical thinking skills for students in all fields of study. However, we also know that most college graduates will engage in some kind of knowledge work, and knowledge work is interdisciplinary by nature. Therefore, by design, the SRC seeks to foster these connections and to support the personal development of teamwork and communication skills that are so valuable in today's academic and non-academic workplaces.
